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SEMICONDUCTOR DEVICE 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a multichip module 
5 including a plurality of semiconductor chips. 
Description of Related Art 

In recent years, there has been a demand for higher 
density integration and size reduction of a semiconductor 
device. To this end, a mult ichip module (MCM, see Japanese 
10 Unexamined Patent Publication No . 2000-270721) and a chip 
scale package (CSP, see Japanese Unexamined Patent 
Publication No. 2002-118224) have been developed which 
satisfy the aforesaid demand. 

Fig. 8 is a schematic sectional view illustrating 
15 the construction of a prior art semiconductor device having 
a multichip module structure. 

The semiconductor device 81 includes a wiring board 
82, a semiconductor chip 83 disposed on the wiring board 
82, and a semiconductor chip 84 disposed on the 
20 semiconductor chip 83. The semiconductor chips 83, 84 
each include a functional element 83a, 84a formed in one 
surface thereof. The semiconductor chip 83 is bonded onto 
the wiring board 82 with its face up, i.e., the surface 
of the semiconductor chip 83 formed with the functional 
25 element 83a faces away from the wiring board 82. The 
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semiconductor chip 84 is bonded onto the semiconductor 
chip 83 with its face up, i.e., the surface of the 
semiconductor chip 84 formed with the functional element 
84a faces away from the semiconductor chip 83. An 
5 interlevel insulating material 86 is interposed between 
the semiconductor chips 83 and 84. 

The semiconductor chip 83 is greater in size than 
the semiconductor chip 84 as seen perpendicularly to the 
surfaces formed with the functional elements 83a, 84a, 

10 so that the surface of the semiconductor chip 83 on which 
the semiconductor chip 84 is bonded has a peripheral area 
not opposed to the semiconductor chip 84. Electrode pads 
83b connected to the functional element 83a are provided 
on the peripheral area of the semiconductor chip 83. 

15 Electrode pads 84b connected to the functional element 
84a are provided on a peripheral area of the surface of 
the semiconductor chip 84 formed with the functional 
element 84a. 

The wiring board 82 is greater in size than the 
2 0 semiconductor chip 83 as seen perpendicularly to the wiring 
board 82, so that the surface of the wiring board 82 on 
which the semiconductor chip 83 is bonded has a peripheral 
area not opposed to the semiconductor chip 83. Electrode 
pads not shown are provided on the peripheral area of the 
25 wiring board 82, and connected to the electrode pads 83b, 
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84b via bonding wires 87, 88, respectively. 

The semiconductor chips 83, 84 and the bonding wires 
87, 88 are sealed in a mold resin 89. 

Metal balls 85 serving as external connection 
5 members are provided on a surface of the wiring board 82 
opposite from the surface on which the semiconductor chip 
83 is bonded. Electrode pads (not shown) of the wiring 
board 82 are rewired in and on the wiring board 82 and 
respectively connected to the metal balls 85. 

10 The semiconductor device 81 is connected to a second 

wiring board via the metal balls 85. 

Fig. 9 is a schematic sectional view illustrating 
the construction of a prior art semiconductor device having 
a chip scale package structure. 

15 " The semiconductor device 91 includes a 

semiconductor chip 92 . The semiconductor chip 92 includes 
a functional element 92a formed in one surface thereof, 
and an insulation film 93 covering the functional element 
92a. The insulation film 93 has openings formed in 

20 predetermined portions thereof. 

^ Rewiring layers 94 each having a predetermined 

pattern are provided on the insulation film 93. The 
rewiring layers 94 are connected to the functional element 
92a through the openings of the insulation film 93. 

25 Columnar external connection terminals 95 project from 



predetermined portions of the rewiring layers 94 , and metal 
balls 96 serving as external connection members are 
respectively bonded onto distal ends of the external 
connection terminals 95. 
5 The insulation film 93 and the rewiring layers 94 

on the surface of the semiconductor chip 92 formed with 
the functional element 92a are covered with a protective 
rein layer 97. The external connection terminals 95 each 
extend through the protective resin layer 97. Side 

10 surfaces of the semiconductor chip 92 are flush with side 
surfaces of the protective resin layer 97. With the 
provision of the protective resin layer 97, the 
semiconductor device 91 has a generally rectangular prism 
outer shape. Therefore, the semiconductor device 91 has 

15 substantially the same size asthe semiconductor chip 92 
as seen perpendicularly to the semiconductor chip 92. 

The semiconductor device 91 is connected to a wiring 
board via the metal balls 96. 

In the semiconductor device 81 of Fig. 8, however, 

20 the wiring board 82 should have a greater size than the 
semiconductor chip 83 to provide an area for the connection 
with the bonding wires 87, 88. Therefore, the 
semiconductor device 81 (package) is greater in size than 
the semiconductor chips 83, 84, particularly, as measured 

25 parallel to the wiring board 82. Accordingly, the 
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semiconductor device 81 requires a greater mounting area 
on the second wiring board. 

Where a lead frame is used instead of the wiring 
board 82 (see, for example, Japanese Unexamined Patent 
5 Publication No. 2002-9223), a similar problem occurs. 

On the other hand, the semiconductor device 91 of 
Fig. 9 includes no wiring board. With this construction, 
it is impossible to incorporate a plurality of chips 
(semiconductor chips 92) in the semiconductor device. In 

10 order to mount a plurality of semiconductor chips 92 on 
a wiring board, a plurality of such semiconductor devices 
91 should be arranged laterally on the wiring board, 
requiring a greater mounting area. In addition, the 
semiconductor chips 92 are connected to one another via 

15 the wiring board, so that "the total wiring length is 
increased. This makes it difficult to increase the signal 
processing speed of the overall system. 
SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 

20 a semiconductor device of a multichip module structure 
which has substantially the same size as chips incorporated 
therein . 

It is another object of the present invention to 
provide a semiconductor device of a multichip module 
25 structure which has a reduced wiring length. 
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A semiconductor device according to a first aspect 
of the present invention comprises a first semiconductor 
chip having a first functional surface formed with a first 
functional element and a first rear surface which is 
5 opposite from the first functional surface, a second 
semiconductor chip having a second functional surface 
which is formed with a second functional element, the second 
functional surface having a region opposed to the first 
functional surface of the first semiconductor chip and 

10 and a non-opposed region de fined outside the opposed region, 
a connection member provided between the first functional 
surface and the second functional surface and electrically 
connecting the first functional element and the second 
functional element, an insulation film continuously 

15 covering the non-opposed region of the second 

semiconductor chip and the first rear surface of the first 
semiconductor chip, a rewiring layer provided on a surface 
of the insulation film and electrically connected to the 
second functional element, a protective resin layer 

20 covering the rewiring layer, and an external connection 
terminal projecting from the rewiring layer through the 
protective resin layer^ 

The inventive semiconductor device is a multichip 
module including the first and second semiconductor chips • 

25 According to the present invention, the first functional 
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element of the first semiconductor chip and the second 
functional element of the second semiconductor chip are 
electrically connected to each other with the first 
functional surface and the second functional surface 
5 opposed to each other. Therefore, the length of a wiring 
between the semiconductor chips can be drastically reduced 
as compared with a case where a plurality of single-chip 
semiconductor devices are mounted on a wiring board. Thus, 
the inventive semiconductor device is capable of operating 
10 at a higher speed. 



the first functional element of the first semiconductor 
chip and the second functional element of the second 
semiconductor chip may comprise, for example, bumps 

15 (pro j ect ion electrodes ) respect ively provided onthe first 
and second functional surfaces and bonded to each other. 
Alternatively, the connection member may comprise a bump 
provided on one of the first and second functional surfaces 
and bonded to the other functional surface. With the 

20 connection member, it is also possible to achieve 

mechanical connect ion be tween the first semiconductor chip 
and the second semiconductor chip. 



semiconductor chip may comprise a plurality of first 
25 semiconductor chips. In this case, the first 



The connection member which 




In the semiconductor device, the first 
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semiconductor chips are each electrically connected to 
the second semiconductor chip with the first functional 
surface thereof opposed to the second functional surface. 
In this case, the length of wirings between the first 
5 functional elements of the first semiconductor chips and 
second functional elements of the second semiconductor 
chip and the length of wirings between the first functional 
elements of the first semiconductor chips via the second 
semiconductor chip are equivalent to the length of wirings 

10 between the second functional elements of the second 
semiconductor chip. Therefore, the semiconductor device 
is capable of operating at a higher speed. 

The semiconductor device can be mounted on a wiring 
board via the external connection terminal . An external 

15 connection member such as a metal ball may '-be bonded to 
a distal end of the external connection terminal. In this 
case, the semiconductor device can be mounted on the wiring 
board via the external connection member. 

The first semiconductor chip is preferably 

20 dimensioned and positioned so as to be substantially 
completely confined within the area of the second 
semiconductor chip as seen perpendicularly to the second 
functional surface. In this case, an area required for 
mounting the semiconductor device on the wiring board is 

25 substantially equivalent to the area of the semiconductor 
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chip as seen perpendicular to the second functional surface . 
That is, the semiconductor device permits higher density 
integration of semiconductor chips per unit mounting area . 

The insulation film is continuously provided over 
5 the non-opposed region of the second semiconductor chip 
and the first rear surface of the first semiconductor chip, 
so that the rewiring layer can be formed in any desired 
wiring pattern in any desired position on the surface of 
the insulation film. Therefore, the number of external 

10 connection terminals to be provided on the rewiring layer 
can be increased, as long as reduction of the size and 
pitch of the external connection terminals does not 
adversely influence the mounting accuracy. 

The insulation film may also cover side surfaces 

15 of the semiconductor chips. 

The surface of the insulation film provided with 
the rewiring layer may include a substantially flat surface 
extending over the non-opposed region and the first 
semiconductor chip . 

20 With this arrangement, the external connection 

terminals each project from the rewiring layer provided 
on the flat surface of the insulation film. Since the 
semiconductor device is mounted on the wiring board with 
distal ends of the external connection terminals connected 

25 to the wiring board, the distal ends of the respective 



10 

external connection terminals are present in substantially 
the same plane . Therefore, external connection terminals 
provided on the non-opposed region and external connection 
terminals provided on the first semiconductor chip in the 
5 inventive semiconductor device have substantially the same 
small height . 

The external connection terminals may be formed, 
for example, by forming a protective resin layer having 
openings in external connection terminal formation regions 

10 and then depositing a metal material in the openings by 
plating. Therefore, the formation of the external 
connection terminals having substantially the same small 
height can be achieved in a shorter time. Thus, the 
formation of the external connection terminals of the 

15 inventive semiconductor device is* 'facilitated . 

At least a part of the rewiring layer may be 
electrically connected to the first rear surface of the 
first semiconductor chip. 

With this arrangement, the first rear surface of 

20 the first semiconductor chip is maintained at a 
predetermined potential via the rewiring layer 
electrically connected to the first rear surface of the 
first semiconductor chip. Therefore, the potential of 
the first rear surface of the first semiconductor chip 

25 is stabilized. Thus, the characteristics of the first 
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semiconductor chip can be stabilized. 

The rewiring layer electrically connected to the 
first rear surface of the first semiconductor chip may 
be grounded. 

5 The inventive semiconductor device may further 

comprise a heat-sink terminal projecting from the first 
rear surface of the first semiconductor chip through the 
protective resin layer. 

With this arrangement, heat generated by the first 
10 semiconductor chip can be dissipated out of the 

semiconductor device via the heat-sink terminal through 
a short distance. For improvement of the heat dissipation, 
it is preferred to provide a plurality of heat-sink 
terminals . 

15 * • The heat-sink terminal may be composed of, for 

example, the same material as the external connection 
terminals. In this case, the heat-sink terminal and the 
external connection terminals maybe simultaneously formed 
by electrolytic plating. 

20 An electrically conductive film may be provided 

between the first rear surface of the first semiconductor 
chip and the heat-sink terminal. In this case, the 
electrically conductive film and the rewiring layer may 
be composed of the same material. In this case, the 

25 rewiring layer and the electrically conductive film may 
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be simultaneously formed. 

The inventive semiconductor device may further 
comprise a diffusion prevention film of an electrically 
conductive material provided between the first rear 
5 surface of the first semiconductor chip and the insulation 
film and between the first rear surface and the heat-sink 
terminal . 

With this arrangement, the diffusion prevention 
film is provided between the first rear surface of the 

10 first semiconductor chip and the insulation film, i.e., 
below the insulation film. In a production process for 
the semiconductor device, the diffusion prevention film 
is first formed on the first rear surface of the first 
semiconductor chip, and the insulation film is formed as 

15 having an opening at a predetermined position on the 
diffusion prevention film. Then, the heat-sink terminal 
is formed so as to be connected to the first rear surface 
of the first semiconductor chip through the opening. 

Where the insulation film is formed on the first 

20 rear surface of the first semiconductor chip without the 
formation of the diffusion prevention film and then the 
diffusion prevention film is formed on a portion of the 
first rear surface of the first semiconductor chip exposed 
in the opening of the insulation film, it may be impossible 

25 to completely cover the exposed portion of the first rear 
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surface of the first semiconductor chip with the diffusion 
prevention film thus formed. In this case, the diffusion 
prevention film is liable to have holes in the vicinity 
of the interior surface of the opening of the insulation 
5 film and, if the metal heat-sink terminal is formed on 
the diffusion prevention film, metal atoms of the heat-sink 
terminal will diffuse into the first semiconductor chip 
through the holes of the diffusion prevention film. In 
this case, the characteristics of the first semiconductor 

10 chip will vary. 

In the production process for the inventive 
semiconductor device, on the contrary, the diffusion 
prevention film can be formed on the first rear surface 
(preferably on the entire first rear surface) of the first 

15 semiconductor chip before the formation of the insulation 
film. Therefore, the diffusion prevention film thus 
formed is free from the holes , so that the first rear surface 
of the first semiconductor chip can be completely covered 
with the diffusion prevention film. Thus, the diffusion 

20 of the metal atoms of the heat-sink terminal into the first 
semiconductor chip and hence the variation in the 
characteristics of the first semiconductor chip can be 
suppressed . 

The diffusion prevention film may be composed of, 
25 for example, a known UBM (under-bump metal) material or 
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the like. 

An electrically conductive film composed of the same 
material as the rewiring layer may be provided between 
the diffusion prevention film provided on the first rear 
5 surface of the first semiconductor chip and the heat-sink 
terminal. In this case, the provision of the diffusion 
prevention film suppresses (prevents) the diffusion of 
atoms (metal atoms) of the electrically conductive film 
into the first semiconductor chip. 

10 The inventive semiconductor device may further 

comprise a diffusion prevention film of an electrically 
conductive material provided between the first rear 
surface of the first semiconductor chip and the insulation 
film and between the first rear surface and the rewiring 

15 layer • . 

With this arrangement, the diffusion prevention 
film is provided between the first rear surface of the 
first semiconductor chip and the insulation film, i.e., 
below the insulation film. In the production process for 

20 the semiconductor device, the diffusion prevention film 
is formed on the first rear surface of the first 
semiconductor chip, and the insulation film is formed as 
having an opening at a predetermined position on the 
diffusion prevention film. Then, the rewiring layer is 

25 formed so as to be connected to the first rear surface 
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of the first semiconductor chip through the opening. 

Since the formation of the diffusion prevention film 
precedes the formation of the insulation film, the 
diffusion prevention film is free from holes . Therefore, 
5 the first rear surface of the first semiconductor chip 
can be completely covered with the diffusion prevention 
film. Thus, the diffusion of atoms (metal atoms) of the 
rewiring layer and hence the variation in the 
characteristics of the first semiconductor chip can be 
10 suppressed. 

The diffusion prevention film may be composed of, 
for example, a known UBM material or the like. 

The inventive semiconductor device may further 
comprise a rear surface protective film provided on a second 
15 rear surface of the second semiconductor ch'ip which is 
opposite from the second functional surface. 

With this arrangement, the second rear surface of 
the second semiconductor chip can be protected 
mechanically and electrically by the rear surface 
20 protective film. 

Where the rear surface protective film is not 
provided, the second semiconductor chip is liable to be 
warped due to stress imbalance occurring along the 
thickness of the second semiconductor chip by the provision 
25 of the insulation film and the protective resin layer on 
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one of the surfaces (functional surface) of the second 
semiconductor chip. In the inventive semiconductor 
device, however, the rear surface protective film is 
provided on the other surface (rear surface) of the second 
5 semiconductor chip, so that stresses exerted on the second 
semiconductor chip can be properly balanced along the 
thickness of the second semiconductor chip. Thus, the 
warp of the second semiconductor chip can be mitigated 
(prevented) . 

10 The rear surface protective film may be composed 

of, for example, a resin. 

The inventive semiconductor device may further 
comprise a via-conductor projecting from the non-opposed 
region of the second semiconductor chip through the 

15 insulation' film and electrically connecting the second 
functional element and the rewiring layer. 

With this arrangement, the via-conductor can be 
formed as projecting from the non-opposed region of the 
second semiconductor chip prior to the formation of the 

20 insulation film when the semiconductor device is produced. 
Thereafter, the insulation film is formed so that the 
via-conductor extends through the insulation film. Then, 
the rewiring layer is formed so as to be electrically 
connected to the via-conductor. 

25 Where no via-conductor is to be provided, it is 
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necessary to form the insulation film and then form an 
opening in the insulation film for the provision of the 
rewiring layer. According to the present invention, on 
the contrary, the opening formation step can be obviated. 
5 A semiconductor device according to a second aspect 

of the present invention comprises a semiconductor chip 
having a functional element formed in one surface thereof, 
an insulation film covering a rear surface of the 
semiconductor chip which is opposite from the surface 

10 formed with the functional element, an electrically 
conductive member electrically connected to the rear 
surface of the semiconductor chip through an opening formed 
in the insulation film, and a diffusion prevention film 
provided between the rear surface of the semiconductor 

15 chip and the insulation film and between the rear surface 
and the electrically conductive member. 

According to the present invention, the rear surface 
of the semiconductor chip can be maintained at a 
predetermined potential via the electrically conductive 

20 member. Thus, the potential of the rear surface of the 
semiconductor chip can be stabilized, thereby stabilizing 
the characteristics of the semiconductor chip. The 
electrically conductive member may be, for example, 
grounded . 

25 The diffusion prevention film is provided between 
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the rear surface of the semiconductor chip and the 
insulation film, i.e., below the insulation film. In a 
production process for the semiconductor device, the 
insulation film is first formed as having an opening at 
5 a predetermined position on the diffusion prevention film 
formed on the rear surface of the semiconductor chip, and 
then the electrically conductive member is formed so as 
to be electrically connected to the rear surface of the 
semiconductor chip through the opening. 

10 Sincethe formation of the di f fusion prevention film 

precedes the formation of the insulation film, the rear 
surface of the semiconductor chip can be completely covered 
with the diffusion prevention film thus formed. The 
provision of the diffusion prevention film suppresses the 

15 diffusion of atoms (metal atoms')* of the electrically 
conductive material into the semiconductor chip and hence 
the variation in the characteristics of the semiconductor 
chip . 

The semiconductor device which includes the 
20 semiconductor chip having the functional element provided 
on one surface thereof can be produced by a semiconductor 
device production process which comprises the steps of: 
forming a diffusion prevention film of an electrically 
conductive material on a rear surface (preferably on the 
25 entire rear surface) of the semiconductor chip which is 
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opposite from the surface formed with the functional 
element; forming an insulation film on the diffusion 
prevention film, the insulation film having an opening 
through which a part of the diffusion prevention film is 
5 exposed; and forming an electrically conductive member 
electrically connected to the rear surface of the 
semiconductor chip through the opening of the insulation 
f ilm . 

The foregoing and other objects, features and 
10 effects of the present invention will become more apparent 
from the following description of the preferred 
embodiments with reference to the attached drawings, 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic sectional view illustrating 
15 ■ the construction of a semiconductor device according to 
a first embodiment of the present invention; 

Fig. 2 is a schematic sectional view illustrating 
the construction of a semiconductor device according to 
a second embodiment of the present invention; 
20 Fig. 3 is a schematic sectional view illustrating 

the construction of a semiconductor device according to 
a third embodiment of the present invention; 

Fig. 4 is a schematic sectional view illustrating 
the construction of a semiconductor device according to 
25 a fourth embodiment of the present invention; 
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Fig. 5 is a schematic sectional view illustrating, 
on an enlarged scale, a junction between a rear surface 
of a first semiconductor chip and a heat-sink terminal 
in the semiconductor device shown in Fig. 4; 
5 Fig. 6 is a schematic sectional view illustrating 

the construction of a semiconductor device according to 
a fifth embodiment of the present invention; 

Fig. 7 is a schematic sectional view illustrating 
the construction of a semiconductor device according to 
10 a sixth embodiment of the present invention; 

Fig. 8 is a schematic sectional view illustrating 
the construction of a prior art semiconductor device having 
a multichip module structure; and 

Fig. 9 is a schematic sectional view illustrating 
15 the construction of a prior art semiconductor device having 
a chip scale package structure. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a schematic sectional view illustrating 
the construction of a semiconductor device according to 
20 a first embodiment of the present invention. 

The semiconductor device 1 is a so-called chip scale 
package (CSP) of a multichip module type which includes 
first and second semiconductor chips 2, 3. 

The first semiconductor chip 3 has a first 
25 functional surface 3F formed with a first functional 
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element 3a and a rear surface 3R opposite from the first 
functional surface 3F. Further, the second semiconductor 
chip 2 has a second functional surface 2F formed with a 
second functional element 2a. For example, the first 
5 functional element 3a and the second functional element 
2a may each be a transistor. The first semiconductor chip 
3 and the second semiconductor chip 2 are disposed in spaced 
parallel relation with the first functional surface 3F 
and the second functional surface 2F opposed to each other . 

10 The first functional element 3a and the second 

functional element 2a are electrically connected to each 
other via connection members 4 disposed between the first 
semiconductor chip 3 (first functional surface 3F) and 
the second semiconductor chip 2 (second functional surface 

15 2F) . "The connection members 4 may '^"ach be such that a 
bump (projection electrode) provided at a predetermine 
position on the first functional surface 3F and a bump 
provided at a predetermined position on the second 
functional surface 2F are connected to each other. 

20 Alternatively, the connection members 4 may each be such 
that a bump provided on one of the first and second 
functional surfaces 3F, 2F is connected to the other 
functional surface 2F, 3F. Mechanical connect ion between 
the first semiconductor chip 3 and the second semiconductor 

25 chip 2 is also achieved by the connection members 4. 
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An interlevel seal (under-f ill ) layer 5 is provided 
as filling a space between the first semiconductor chip 
3 and the second semiconductor chip 2. 

The first semiconductor chip 3 is smaller in size 
5 than the second semiconductor chip 2 as seen 

perpendicularly to the second functional surface 2F, and 
is completely confined within the area of the second 
semiconductor chip 2. The first semiconductor chip 3 is 
disposed generally centrally of the second functional 

10 surface 2F of the second semiconductor chip 2 . Therefore, 
the second functional surface 2F has a peripheral area 
(hereinafter referred to as ^^non-opposed region") 7 which 
is not opposed to the first semiconductor chip 3. 

The second functional element 2a is provided over 

15 the non-opposed region 7 and an opposed region of the second 
functional surface 2F to which the first semiconductor 
chip 3 is opposed. 

An insulation film 8 is continuously provided as 
covering a part of the non-opposed region 7 formed with 

20 the second functional element 2a, side surfaces of the 
interlevel seal layer 5 and the rear surface 3R and side 
surfaces of the first semiconductor chip 3. The 
insulation film 8 is composed of , for example, a polyimide, 
a polybenzoxazole, an epoxy, silicon oxide or silicon 

25 nitride. The insulation film 8 has a generally uniform 
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thickness . 

Rewiring layers 9 each having a predetermined 
pattern are provided on the insulation film 8. The 
rewiring layers 9 are present on the insulation film 8 
5 on the non-opposed region 7 and the first semiconductor 
chip 3 • 

The insulation film 8 has openings 8a provided 
therein on the non-opposed region 1 , and electrode pads 
(not shown) provided on predetermined areas of the second 

10 functional element 2a are exposed in the openings 8a. The 
rewiring layers 9 are electrically connected to the 
electrode pads on the second functional element 2a through 
the openings 8a of the insulation film 8. 

The electrode pads on the second functional element 

15 2a and the rewiring layers 9'"may be composed of dif f erent 
materials. For example, the electrode pads may be 
composed of aluminum (Al), and the rewiring layers 9 may 
be composed of copper (Cu) . In this case, UBM (under-bump 
metal) layers (not shown) are preferably provided between 

20 the electrode pads on the second functional element 2a 
and the rewiring layers 9. Alternatively, the electrode 
pads on the second functional element 2a and the rewiring 
layers 9 may be composed of the same material. 

A protective resin layer 12 is provided on the side 

25 of the second functional surface 2F of the second 
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semiconductor chip 2 as covering the insulation film 8 
and the rewiring layers 9. Side surfaces of the second 
semiconductor chip 2 are flush with side surfaces of the 
protective resin layer 12. With the provision of the 
5 protective rein layer 12, the semiconductor device 1 has 
a generally rectangular prism outer shape. 

External connection metal terminals 10 project from 
predetermined positions of the rewiring layers 9 provided 
on the non-opposed region 7 and the rewiring layers 9 

10 provided on the first semiconductor chip 3 through the 
protective resin layer 12. The external connection 
terminals 10 are composed of a metal (e.g., copper, nickel 
(Ni) , gold (Au) or tungsten (W) ) , and each have a columnar 
outer shape (e.g., a cylindrical shape or a rectangular 

15 prism shape) . 

Distal ends of the external connection terminals 
10 are present in substantially the same plane. 
Connection interfaces between the external connection 
terminals 10 and metal balls 11 are present in substantially 

20 the same plane as a surface of the protective resin layer 
12. That is, the external connection terminals 10 
projecting from the rewiring layers 9 on the non-opposed 
region 7 each have a greater height than the external 
connection terminals 10 projecting from the rewiring 

25 layers 9 on the first semiconductor chip 3. 
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The metal balls 11 serving as external connection 
members are respectively bonded onto the distal ends of 
the external connection terminals 10. The semiconductor 
device 1 can be mounted on a wiring board via the metal 
5 balls 11. 

As described above, the semiconductor device 1 has 
substantially the same size as the second semiconductor 
chip 2 (which is the largest chip in the semiconductor 
device 1) as seen perpendicularly to the second functional 

10 surface 2F, so that the semiconductor device 1 requires 
a smaller mounting area on the wiring board. That is, 
the semiconductor device 1 permits higher density 
integration of first and second semiconductor chips 3, 
2 per unit mounting area. 

15 The first functional element 3a and the'^ second 

functional element 2a are connected in face-to-face 
relation with the first and second functional surfaces 
3F, 2F opposed to each other. Therefore, the length of 
wirings between the first functional element 3a and the 

20 second functional element 2a of the respective chips (first 
and second semiconductor chips 3, 2) in the semiconductor 
device lis reduced as compared with a case where a plurality 
of prior art semiconductor devices 91 (see Fig. 9) are 
mounted on the wiring board or a prior art semiconductor 

25 device 81 (see Fig. 8) is mounted on the wiring board. 
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Thus, the semiconductor device 1 is capable of operating 
at a higher speed. 

The rewiring layers 9 may each be formed in any 
desired wiring pattern in any desired position on the 
5 surface of the insulation film 8. Therefore, the number 
of the external connection terminals 10 provided on the 
rewiring layers 9 can be increased, as long as reduction 
of the size and pitch of the external connection terminals 
10 does not adversely influence the mounting accuracy. 

10 The semiconductor device 1 can be produced, for 

example, on a wafer basis. More specifically, the 
production of the semiconductor device 1 can be achieved 
by preparing a large substrate (e.g., a semiconductor 
wafer) having a plurality of second semiconductor chip 

15 regions densely arranged therein, simultaneously 

connecting first semiconductor chips 3 to the respective 
second semiconductor chip regions of the substrate, 
filling an interlevel sealing agent 5 in spaces between 
the second semiconductor chip regions of the substrate 

20 and the first semiconductor chips 3, forming an insulation 
film 8, forming rewiring layers 9, forming a protective 
resin layer 12, forming external connection terminals 10, 
bonding metal balls 11 to the respective external 
connection terminals 10, and dicing the substrate together 

25 withthe protective resin layer 12 along boundaries between 
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the second semiconductor chip regions into a plurality 
of semiconductor devices 1. 

The formation of the insulation film 8 may be 
achieved, for example, by applying a low viscosity resin 
5 on non-opposed regions 7 of the substrate (second 

semiconductor chip regions) and side surfaces and rear 
surfaces 3R of the first semiconductor chips 3 by spin 
coating after connecting the first semiconductor chips 
3 to the substrate and filling the spaces with the 

10 interlevel sealing agent 5, and then curing the resin. 
The insulation film 8 may be formed from a photosensitive 
resin. In this case, the insulation film 8 is formed as 
having a predetermined pattern with openings 8a by applying 
a liquid photosensitive resin over a surface of the 

15 substrate' connected to the first semiconductor chips 3 
with the interlevel sealing agent 5 filled in the spaces 
between the substrate and the first semiconductor chips 
3, and exposing and developing the photosensitive resin. 

The formation of the external connection terminals 

20 10 may be achieved, for example, by forming the protective 
resin layer 12 over a surface of the substrate formed with 
the insulation film 8, forming openings in external 
connection terminal formation regions of the protective 
resin layer 12, forming a seed layer over a surface of 

25 the substrate formed with the protective resin layer 12 
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(including interior surfaces of the openings), and then 
depositing a metal material on the seed layer to fill the 
openings with the metal material by electrolytic plating. 

Fig. 2 is a schematic sectional view illustrating 
5 the construction of a semiconductor device according to 
a second embodiment of the present invention. In Fig. 
2, components corresponding to those shown in Fig. 1 are 
denoted by the same reference characters as in Fig. 1, 
and no explanation will be given thereto. 

10 The semiconductor device 21 includes an insulation 

film 22 instead of the insulation film 8 shown in Fig. 
1 . The insulation film 22 is provided over the non-opposed 
region 7 and the first semiconductor chip 3, and has a 
greater thickness on the non-opposed region 7 than on the 

15 first' semiconductor chip 3. Thus;~*the surface of the 
insulation film 22 formed with the rewiring layers 9 is 
substantially flat over the non-opposed region 7 and the 
first semiconductor chip 3. Therefore, the external 
connection terminals 10 have substantially the same 

20 height. 

The rewiring layers 9 are connected to the electrode 
pads on the second functional element 2a through openings 
22a formed in the insulation film 22. The rewiring layers 
9 partly extend along interior surfaces of the openings 
25 22a, and the insides of the openings 22a are filled with 
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the protective resin layer 12. 

Where the external connection terminals 10 are 
formed as having a smaller height, the protective resin 
layer 12 has shallow openings in the external connection 
5 terminal formation regions thereof. Therefore, the 
deposition of the metal material in the openings requires 
a shorter period of time for the formation of the external 
connection terminals 10. 

Since the external connection terminals 10 to be 

10 formed have substantially the same height, the openings 
formed in the protective resin layer 12 are filled up with 
the metal material at substantially the same time, for 
example, by the plating described above. Therefore, the 
plating can be terminated without over-deposition of the 

15 metal material in the openings; This obviates the need 
for removing a part of the metal material deposited over 
the openings on the protective resin layer 12 or reduces 
the time required for the removal of the over-deposited 
metal material. Thus, the external connection terminals 

20 10 of the semiconductor device 21 can be easily formed. 

Fig. 3 is a schematic sectional view illustrating 
the construction of a semiconductor device according to 
a third embodiment of the present invention. In Fig. 3, 
components corresponding to those shown in Figs. 1 and 

25 2 are denoted by the same reference characters as in Figs. 
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1 and 2, and no explanation will be given thereto. 

The semiconductor device 31 includes a rewiring 
layer 32A connected to the second functional element 2a 
through an opening 22a formed in the insulation film 22 
5 and a rewiring layer 32B connected to the second functional 
element 2a through another opening 22a formed in the 
insulation film 22 and to the rear surface 3R of the first 
semiconductor chip 3. 

A center portion of the rear surface 3R of the first 
10 semiconductor chip 3 is not covered with the insulation 
film 8, but covered with the rewiring layer 32B. 

Some of the metal balls 11 are connected to the 
rewiring layer 32A or the rewiring layer 32B via external 
connection terminals 10 not shown in the section in Fig, 
15 3. 

With the aforesaid arrangement , some of the external 
connection terminals 10 are electrically connected to the 
rear surface 3R of the first semiconductor chip 3 via the 
rewiring layer 32B. The rear surface 3R of the first 

20 semiconductor chip 3 can be maintained at a predetermined 
potential via the external connection terminals 10 . Thus, 
the potential of the rear surface 3R of the first 
semiconductor chip 3 can be fixed, thereby stabilizing 
the operation characteristics of the first semiconductor 

25 chip 3. 
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The external connection terminals 10 electrically 
connected to the rear surface 3R of the first semiconductor 
chip 3 via the rewiring layer 32B may serve as grounding 
terminals. In this case, the rear surface 3R of the first 
5 semiconductor chip 3 can be grounded with its potential 
being fixed. 

Fig. 4 is a schematic sectional view illustrating 
the construction of a semiconductor device according to 
a fourth embodiment of the present invention. In Fig. 

10 4f components corresponding to those shown in Figs. 1 to 
3 are denoted by the same reference characters as in Figs. 
1 to 3, and no explanation will be given thereto. 

In the semiconductor device 41, the rear surface 
3R of the first semiconductor chip 3 is mostly covered 

15 with the insulation film 22. A portion of the insula^tion 
f ilm22 covering the first semiconductor chip 3 has openings 
each having a slightly smaller width than the external 
connection terminals 10. External connection terminals 
(hereinafter referred to as ^'heat-sink terminals") 42 for 

20 dissipating heat and fixing the potential of the rear 
surface 3R of the first semiconductor chip 3 are connected 
to the rear surface 3R of the first semiconductor chip 
3 through the openings. The heat-sink terminals 42 each 
have the same size and shape as the external connection 

25 terminals 10. The heat-sink terminals 42 are composed 
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of the same material (metal) as the external connection 
terminals 10. Metal balls 11 are respectively bonded to 
distal ends of the heat-sink terminals 42. 

Electrically conductive films 44 composed of the 
5 same material as rewiring layers 32A and each having 
substantially the same thickness as the rewiring layers 
32A are provided between the rear surface 3R of the first 
semiconductor chip 3 and the heat-sink terminals 42. 

The heat-sink terminals 42 may serve as, for example, 

10 grounding terminals. By grounding the rear surface 3R 
of the first semiconductor chip 3 via the heat-sink 
terminals 42, the potential of the rear surface 3R of the 
first semiconductor chip 3 is fixed and, hence, the 
operation characteristics of the first semiconductor chip 

15 3 are stabilized. 

In the semiconductor device 31 according to the 
third embodiment (see Fig. 3), the rewiring layer 32B 
connected to the rear surface 3R of the first semiconductor 
chip 3 extend over the non-opposed region 7, and the 

20 external connection terminal 10 is bonded to the extension 
(the portion on the non-opposed region 7) of the rewiring 
layer 32B. In the semiconductor device 41 according to 
the fourth embodiment, on the contrary, the heat-sink 
terminals 42 are provided in adjacent relation on the rear 

25 surface 3R of the first semiconductor chip 3 with the 
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intervention of the electrically conductive films 44. 
Therefore, heat generated by the first semiconductor chip 
•3 in the semiconductor device 41 can be efficiently 
dissipated out of the semiconductor device 41 via the 
5 heat-sink terminals 42 through a shorter distance* 

A single heat-sink terminal 42 and an associated 
metal ball 11 may be connected to the rear surface 3R of 
the first semiconductor chip 3. Even in this case, it 
is possible to fix the potential of the rear surface 3R 

10 of the first semiconductor chip 3 (by grounding the rear 
surface 3R of the first semiconductor chip 3) and to 
dissipate the heat generated by the first semiconductor 
chip 3. However, where the plurality of heat-sink 
terminals 42 and the associated metal balls 11 are provided 

15 on the rear surface 3R of the first semiconductor chip 
3 as shown in Fig. 4, the heat generated by the first 
semiconductor chip 3 can be more efficiently dissipated. 

Fig. 5 is a schematic sectional view illustrating, 
on an enlarged scale, a junction between the rear surface 

20 3R of the first semiconductor chip 3 and the heat-sink 
terminal 42 . 

A diffusion prevention film 45 of an electrically 
conductive material is provided over the rear surface 3R 
of the first semiconductor chip 3. The diffusion 
25 prevention film 45 is disposed between the rear surface 
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3R of the first semiconductor chip 3 and the insulation 
film 22 and between the rear surface 3R of the first 
semiconductor chip 3 and the heat-sink terminals 42 
(electrically conductive films 44). The diffusion 
5 prevention film 45 may also cover side surfaces of the 
first semiconductor chip 3* 

The diffusion prevention film 45 is composed of a 
material which can prevent (suppress) diffusion of metal 
atoms of the heat-sink terminals 42 and the electrically 

10 conductive films 44 into the first semiconductor chip 3, 
for example, a known UBM ( under-bump me t al ) material such 
as titanium (Ti) , titanium tungsten (TiW) , nickel, 
titanium nitride (TiN) or tantalum nitride (TaN) ) . 

For production of the semiconductor device 41, first 

15 semiconductor chips 3 are connected to a substrate having 
a plurality of second semiconductor chip regions densely 
arranged therein in the same manner as for the production 
of the semiconductor device 1 of the first embodiment. 
Then, a diffusion prevention film 45 is formed over a 

20 surface of the substrate to which the first semiconductor 
chips 3 are connected, and a portion of the diffusion 
prevention film 45 present outside rear surfaces 3R (and 
side surfaces) of the first semiconductor chips 3 is 
removed . 

25 Thereafter, an insulation film 22 is formed as 
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having predetermined openings 22b (see Fig. 5) on the 
resulting substrate, and an electrically conductive film 
44 is formed in a predetermined pattern over the insulation 
film 22 and portions of the rear surfaces 3R of the first 
5 semiconductor chips 3 (diffusion prevention film 45) 
exposed in the openings 22b. Thus, semiconductor devices 
41 each having a construction shown in Figs. 4 and 5 are 
produced . 

If the diffusion prevention film 45 is formed not 

10 before the formation of the insulation film 22 but after 
the formation of the insulation film 22, portions of the 
rear surface 3R of the first semiconductor chip 3 adjacent 
to the interior surfaces of the openings 22b formed in 
the insulation film 22 cannot be completely covered with 

15 the diffusion prevention film 45/-*and the diffusion 
prevention film 45 is liable to have holes. 

Before the formation of the insulation film 22, on 
the other hand, the rear surface 3R of the first 
semiconductor chip 3 is flat, so that the diffusion 

20 prevention film 45 can be formed on the rear surface 3R 
as completely covering the rear surface 3R without 
formation of the holes. Thus, the diffusion prevention 
film 45 can prevent (suppress) the diffusion of the metal 
atoms of the heat-sink terminals 42 and the electrically 

25 conductive film 44 into the first semiconductor chip 3. 
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Fig. 6 is a schematic sectional view illustrating 
the construction of a semiconductor device according to 
a fifth embodiment of the present invention. In Fig. 6, 
components corresponding to those shown in Figs. 1 to 4 
5 are denoted by the same reference characters as in Figs. 
1 to 4, and no explanation will be given thereto. 

In the semiconductor device 61, a rear surface 
protective film 62 is provided on the rear surface 2R of 
the second semiconductor chip 2 opposite from the second 

10 functional surface 2F. The rear surface protective film 
62 mechanically and electrically protects the rear surface 
2R of the second semiconductor chip 2. 

Where the rear surface protective film 62 is not 
provided as in the semiconductor device 21 of the second 

15 eiabodiment (see Fig. 2), the provision of the insulation 
film 22 and the protective resin layer 12 on one surface 
(second functional surface 2F) of the second semiconductor 
chip 2 causes stress imbalance along the thickness of the 
second semiconductor chip 2, resulting in warp of the second 

20 semiconductor chip 2. In the semiconductor device 61, 
on the contrary, the rear surface protective film 62 is 
provided on the other surface (rear surface 2R) of the 
second semiconductor chip 2, whereby stresses exerted on 
the second semiconductor chip 2 are balanced along the 

25 thickness of the second semiconductor chip 2. Therefore, 
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the warp of the second semiconductor chip 2 can be mitigated 
(prevented) . 

The rear surface protective film 62 may be composed 
of a resin such as a polyimide, a polyamide or an epoxy. 
5 Fig. 7 is a schematic sectional view illustrating 

the construction of a semiconductor device according to 
a sixth embodiment of the present invention. In Fig. 1 , 
components corresponding to those shown in Figs. 1 to 4 
are denoted by the same reference characters as in Figs. 
10 1 to 4, and no explanation will be given thereto. 

Via-conductor s 72 are provided in the openings 22a 
formed in the insulation film 2 2 in the semiconductor device 

71. The openings 22a are filled with the via-conductor s 

72. The second functional element 2a of the second 

15 semiconductor chip 2 is electrically connected to the" 
rewiring layers 9 via the via-conductors 72. 

When the semiconductor device 71 is produced, for 
example, the via-conductors 72 are formed as projecting 
from the second functional surface 2F of the second 

20 semiconductor chip 2 before the formation of the insulation 
film 22. Thereafter, the insulation film 22 is formed 
so that the via-conductors 72 extend through the insulation 
film 22. Then, the rewiring layers 9 are formed so as 
to be electrically connected to the via-conductors 72. 

25 Where a semiconductor device having no 
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via-conductor 12, e.g., the semiconductor device 21 of 
the second embodiment (see Fig- 2), is produced, the 
insulation film 22 should first be formed and then pat terned 
to be formed with the openings for the provision of the 
5 rewiring layers 9 on the insulation film 22. In the 
production of the semiconductor device 71, on the contrary, 
the opening formation step can be obviated. 

Different materials may be selected for the 
via-conductors 72 and the rewiring layers 9. 

10 While the embodiments of the present invention have 

thus been described, the present invention may be embodied 
in any other ways. For example, the inventive 
semiconductor device may include a plurality of first 
semiconductor chips 3. In this case, the first 

15 semiconductor chips 3 are electrically connected to a 
second semiconductor chip 2 with first functional surfaces 
3F thereof opposed to a second functional surface 2F of 
the second semiconductor chip 2. In this case, the length 
of wirings between the first functional elements 3a of 

20 the first semiconductor chips 3 and the second functional 
elements 2a of the second semiconductor chip 2 and the 
length of wirings between the first functional elements 
3a of the first semiconductor chips 3 are equivalent to 
the length of wirings between the second functional 

25 elements 2a of the second semiconductor chip 2 . Therefore, 



39 

the semiconductor device is capable of operating at a higher 
speed • 

In the semiconductor device 31 of the third 
embodiment (see Fig. 3), the same diffusion prevention 
5 film as the diffusion prevention film 45 of the 

semiconductor device 41 of the fourth embodiment (see Fig. 
5) may be provided between the rear surface 3R of the first 
semiconductor chip 3 and the insulation film 22 and between 
the rear surface 3R and the rewiring layer 32B. In this 

10 case, diffusion of metal atoms of the rewiring layer 32B 
into the first semiconductor chip 3 can be prevented 
( suppressed) . 

In the semiconductor device 1 of the first 
embodiment, the rewiring layers 9 are partly disposed in 

15 the openings 8a.' Alternatively, via-conductor s each 
having a smaller height than the via-conductor s 72 (see 
Fig. 7) (a height equivalent to the thickness of the 
insulation film 8 on the non-opposed region 7) may be 
provided (filled) in the respective openings 8a. In this 

20 case, the formation of the via-conductors may be achieved 
simultaneously with the formation of the connection 
members 4 or the bumps for the connection members 4 . 

While the present invention has been described in 
detail by way of the embodiments thereof, it should be 

25 understood that the foregoing disclosure is merely 
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illustrative of the technical principles of the present 
invention but not limitative of the same. The spirit and 
scope of the present invention are to be limited only by 
the appended claims. 

This application corresponds to Japanese Patent 
Application No. 2004-178756 filed with the Japanese Patent 
Office on June 16, 2004, the disclosure of which is 
incorporated herein by reference. 



